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] 

5 }-^ ^^-i- ^7] ^^-l- ^ 1 -^ § 

S^n# '^7] ^ ^^7] 3||^ 

nv^ ^^7] #S]ZLl- ^ 
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^o] ^Z|-5]^ ^O] nsli, ^^7l ^ a^7] ^]. 

^^-§- ^l2^‘£l^ ^€-i- ^^1# 

TLElJi, ^1-71 ^]^o\] 

^>7] ^j-7] :£;5i^^ 2^-§- 

^ ^ $ 1 ^. 
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^ -T^t!: {Storage node of a 

capacitor in a semiconductor device and method for forming the storage node} 

:£ 2a rflxl £ 2b^ ^1--?- ^ 4 . 

^^>7] 

:£ 3a idl^l £ 3e^ ^ ^4 tc)-s 

S. 4^ ^ 4s}- 42^^ TlBflAlEl^ 4-^ ^ 

^47] 4tlr 7114^‘y 44:£‘^14. 

S. 5 ^ i 6^ ^ 4€- liJl4 2fl^-g: ^4^1^ tI^aI 

El^ 4-^ ^^-i: 444^ 

:£ 7a 4^1 s. 7d^ ^ -^Alcilloll O}^ ;^l 2 : ^-§-4 4^^ ^112: 

1- ^^471 44 44^1:44. 
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<7> ^ ^ <^11- w}-^o1] 

^ (cyl inder type)-^S. t13^a]e]5] •S]-^ ^ 

^ ^ <^1«- ^^^^>7] ^t!: 

<8> ^5-, ^^B^7l- 1^:£^] cflt!: ^-9.:£ ^711 ^7>^1-Jl 

014 . ojoll 44 , 4-71 4:£^1 4^11-a: ^ 714^44 1^0^] 44 ^4 4-4^ 7]-4 

-S-^<^1 

4-^ ^:£ ^ ^51^1- 4^>4^l7l ^is 7l^#ol 7^5)51 4l=f. 

<9> 4.7] 4-44 4S.7-1^ d1o]El4 4^4 #40] 7 >-B-^ji, oi4-^4- 

^ 1:^^(DRAM) d^7]-l- 1: ^ 44. 4-7] c] ^ 4i7}^ ^^>4 ^1441- 4^^ 

011^4 ^4- 4-4 444# 44 ^ #444# 4s.s. #44^1, 4-7I 

a|l£.El #<^1# 44"4 441# (access transistor)4- ^'M'^ #4 4444 

( capacitor) 71- 

io> 4-71 JL4441- 44-4, 4-4 4^ #7>4 4:# ^£7ii 4-44 7114:4 # 44 # 

#4: 4444## 44444 ^4 4-44 4# ##7> 44 #4 ^4-. 4-71 # 

#4: 444^## 44444 44 4-44 4# 4^4# ## #### # 

## 44444 #4.4--^^ 4#^1-# 4-4, 4*^144#4(HSG : hemisphere silicon 

grain) 44-# 4## 44444 #JL 144 # #71-44# #4 SZ4-. 



46-5 



1020030000533 



^ ‘^^ 1 -: 2003 / 2/11 



<ii> 



< 12 > 



< 13 > 



< 14 > 



< 15 > 



usiM-. 41-71 CH] c] oi] 1421 -^i, 4M 

^^^'=>11 7l4l^>^ wl-g-51 4 - 4 ^, ^^ 1 ^^ ^^^ 1 = 1 -. ^SlZL, 4-71 

S^<^lAi5l ’€^7> 

$l7l ZL ^-%r^] -^<^1^>^1 

ojoll 44 , ^^<^1^ 41 - 7l TlsflAl^^iS^ 41-71 7l 51 II Al E-1 si ^ 

<^1# ^^^Hl ^71-471^ 41 -'^ 4- 41-4 41 - 7 l 4 4444 ^41- ^^44^ 

41-4 ^4 4 -§-4^ ^4-. ^44-, 41-7I 44444 ^4 ^ ^4 ^^^8: 41-4 4444 
7V ^1"4^1-^ ^4 It ^7l-47l4 ^"8r 4-444 It 4-. 

4 - 7 I 4-4- 44-4 ^41- ^^4?1 4^.7^ ^ ^^(fin type), 144^ ^1: ^ ^ 
$X^. o.^jL, 4 - 7 I 444E1S1 45-4 7l7>(giga)^4 4^4 $Z4, 

15, 000 A 441-I: 44 4-4-. 4^4^, 1-44 814. 1-71 ^1:1 44 

44^4 4-1-1- 4^>4 ^47> 15.000A o]x^vo1jl^ 147> 14414 44441- ^ s . 
444^ 44-. 

1-71 144^ 44444 41- 4-i--8r 41-1^4- 1-4 6, 228, 736^ (issued to Lee 
et al), 14 6, 080,62051 (issued to Jeng) -^4 4444 8I4-. 

^ 44 -, 1-4 44444 ^41- 4:^5>7il 17>4^ 41, 1-71 4444# 43:1 
^ £14 1-4 44444 1-T- 4 - 4-4 4^447114 £441 l-%4 #11:4-. 14, 
14414 114# 1-71 l-%4 41 #414 #H4-. 4#. 1-4 1#414 44 
447> #44 4-:^ 411- 12:#- ^ 7 ] 4#44-. 



Q 
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<16> >g-7l ^12:7]- 

9X^. 

<17> Aj-7] §].:h ^2i 1- 7l 3fl a] e- 1 ofl 

^ 13-57413S<^1 7flA]£)o^ ojrf 
<18> S. 1-n: ^ 

<19> 5. 14- ^2:^1-’^, 71^(15) 

(10)O-S7>i, ^i7l ^^(10)^ 3fl^(17)oll €r^ #ein(ll) 

^ ^1-71 l-eiii(ll)^ ^45]^ i^:^(13)# 71S]J1, ^1-71 l-e^3.(ll) 

^ £7.]51a 1 ^0^7] #ei^(ll)^ ^4^^ 311^.7]- SXv\, 

< 2 o> '^7]A-i, >^V7l ^>4- 4^(10)^ ii:^(l3)^ ^^■'=^] ^7]^^^ 4--^ It:^(l3a)s1- ^>4- 

i^=(i3b)s ^^4-4-. 4-71 4^(io)4 iii:^(iO)^ 4-71 44 ic:^(i3b)4 

44-(CD2)4 4-71 4-4 :t=(i3a)4 44(CDi):a4 e 4si- 4^4. 

<2i> o]S!f :^ol, ^V7] §1-^ i^H(13b)4 44(CD2)4: 4-71 4-4 i^:^(13a)^ 44(CD1) 
:a.4 4:ii a.7fl ^44-^s.4 4 - 7 I 4444^ 4 211444 ^441 44 4 44 4^1- 

444 - 4 44. 

<22> :£ 2a 4 5. 2b4 42114 ^^44 4211444 4-4 44-# 44^>^ ^4 

471 44 4^£-i-44-. 

<23> £. 2a# 4-2:44, 714(20) 4*^1 41444 -# 444 4, #71 7H1i#44-# t^I^ 

4#(23)# 4-4 7111^^4 414(22)-2-S ^ 444 . 444, 471 tiii#4#(23) 44 
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^■^4- 4s1zl(24)-1- S. 

A]5:|;^l ^SJr^l’?]:, 4^71 -l-5lii(24)^ ^7] ^ 4^7] 

3j]c Aj-oj] Aj-7] ^s:|^(24)7> 

< 24 > ^7] 5fl^(22) ^ ^eizi(24.) ^oHl 7^^ 7-lAlBV(25), ^1 

24^^^(26) ^ ^I34‘?i^^(28)4- ol«fl. 4^7] All24'?i’s^-(26)32}- All3 

^<^u\( 2 S)^ Aiz]- #4S. <=>1^, ^^7l 4^4 

< 25 > s. 2b4- -^71 ;=^l34'?i^(28)4 7fl3^^-4(28b)4: 7113^*^ 

^ 5fl^(28a) ^ 7113^^^ 3flli(28a)<^l ^^11 7)124'^ ^^(26)4: ^l-7l ^ 

^ #e1zL(24)* lr.#Al7l^ 7fl2^®ll-(26b)4 7H2^<?!^ 5ll^(26a)4- 

"o^7l 71134'?^^^ ifl^(28a)4 7)124^^^ 3fl^(26a)^ ‘?l-7>l^(in-situ)S 

oj^o^^cf. ^>7l ;^l2^<?m^ 5rfl^(26a)4 ^ ^7]- 7-1 a] bV(25)£ ^] 

< 26 > o]o\] ^>7] 7ll2^<g^> 3ll^(26a) ^ 71134 ^4(28a)4r 

7l 44n(24)4) i^#4cl-. olnH, ^1-71 ;^124‘S4' 4fl4(26a)Sl t112€-^-& 

(26b)41 -^^■o] 7j-7] 7ll34<44- 3fl4(28a)^ ;^l3€-^^(28b)^ 4d#^i=l- 3.7]] 

4-7] 7ii24'44-(26)4) 471- 4^£7> 4-7] 7113444(28)4 44 4^711 

2i7j£l7l 41^44. 44- 44, 4-71 7112444- 414(26a)4 7il2^44-(26b)4 4^4 
-4-71 7113444- 44(28a)4 7113 ^ 4 4(28b)4 4^:a.4- 37 ]] 4^^471 41^4 47l t} 
^ 4.4-4 ic— 7I- :^4441 44 -^-S.^- 44-4". 
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c27> ZLEiq-, ^>7l #Eln(24)B] 311^(22)01 4 

^ -^zl-s]^ -^>71 #elEi(24)Sl oi^ ^’gol ^zl 

Sl^ 4l-%ol ^olcl. ol^, ^V7l Til 3 4 ‘a ^^(28) 4 7ll24‘^4-(26)4: 44^ ^ 

4-71 7ii34<44(28)4 44- ^£4- 4-4 7ii24‘?14-(26)4 44 44 41^4 rv. 

a4r, 4-71 43444(28)4 7112444(26)# 444 #, 44# 444 H 4-^1 ^4 
#El7i(24)4 4# 44(A)7l- 44# 44 41#44. 

<28> o]Q\- 7^0]^ aj-71 #e1zl 4 4# 444 #4# 44 444 oi^oi;g^^7.^ 

44 4 # 444 ^ ^4 #eln#44^ 444 :a^zi(bridge)7> #7^-^ ^j£ o^ci-. 
n>^, #7l l-EizL# a>o1oiia-i -f ^:£7ii 444 44^4 44 

444. 

<29> lCl-2l-4 , 4^4^ -^4 #4 71# ll-ololl^-l ^^7l7l- #7^^1-Zl #44^ 441 

4 El 4 44-4 ^4 444 #44^ 44. 

[#44 4^7171- 4^4 441 

<3o> ^ #’^4 4i#4#, 44441- ^4# 4 #4 ti4 4# #47> 444^ 

4# 71^1 44 4# 4^^# 4 14# 4 44. 

<3i> .M. 7il2#4#, 447 IEII- ttfl l-eln# A>oioiiAi^ ^^zii- 

47147 I 44 4^# 7ill4#4 44 . 

# #44 43#4#, #4 #4n4 4# #41 414 t 11 ##7i^ Tlsfl^lEl^ 
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< 33 > 

<34> 

<35> 

<36> 

<37> 

<38> 

<39> 

<40> 

< 41 > 



<42> 



^1-71 §1-4 ^^1: 

^1-71 ^ #slii ^1-71 7^11^^^^ 

75fl2^4-wl* 7ii2€‘?m-^ ^^1; 

^>7l 7^l2^<5^^^4r "^^7l l-si^l- 1=.#4714 ^12^^^^ 7^12 

^^51- ^^^§l-£l, ^0^71 7|l2^'asV4. ^Zl-%4 ufl Aj-7] 1^ Zl-Wl fif ;^l27^7l-aHl ^ 

^ ^t- 7] ^Bfl ^e^zL 4^^ sfl^o] ^zi-s]4 ^4: ^^^714 ^^1; 

^1-71 7112^^#^ ^ 7-1 ig oil ^J-7] §>4 ^4-g- :£^7^ wvnv^. ^ 

7^ §1-4 ^711; ^ 

-^>71 7112^44 7ll7l§l-4 ^^1-1- ^^41=1-. 

ololl al-21-, >^>7l 7112^4^^^ 471-^ ^ ^ll^'S^^ 70 Zl- 4H7V 4^71 Til 2^ 

<goVol ^z]- ^£:^Cl- i^SlTll 2:7§^^S.7-1 471 4^ ^ 4^ <^1 SX^ ^lU^ 

44 ^44 44-514 4^ 4-^ 7izi4 4 44. 

44- ^4, 4 ^oM 44 #45 l4 44" 44 7> 44-4A^4 

§1-4 ^^7l 4^ #4^1- 444 :a3i4€- 4-4^ 4 44. 444, 44 ^41- 

^44^, 44 ^ 44* #4 * 3X^ *2^1- *444 44441- 44* 4 *- 

7l 4 - 4 * 4 -§-4--^5.7-i 4:£7ii 4-44 42:4 4-1- *4^1- 4-^1- * 44. 

4-71 42*-4* 4*471 -44 *: 44*. 
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< 43 > 

< 44 > 

< 45 > 

< 46 > 

< 47 > 

< 48 > 

< 49 > 

< 50 > 



< 51 > 

< 52 > 

< 53 > 



^7] ifloil ^^-g- l-slul- 

^>7l ^oHl ^7] 1-e-izil- 

<gnv ^7^1; 

^7] ^«3I|- ^>7l ^1-71 1-ei^ 'a-?- 4 

^ 5 :) ^^o]] :y.:^ni-^ ^7^]; 

^>7l :a.:£^i-4 ^^]0L ^^-g- 

^7^1; 

^>7l 7112^ 211^-i- ^7^1; ^ 

-g-7] :e.5L^^-i: ’d- 71^3 7.^ 7ll7l^>^ ^^11- 

<^1^ ^<^1, ^ ^1-71 ^^]=Ls:\ 7iii4<a^i-oi rf^ 

^z]-^ ^s. szi^. ^^7i 7iii^<g^i- ^ 1 - 7 ] 

^>7l ^d-7] #s]:7.-i- A>olo^ ^ ^cf. >g-7l ^ 

;go^ 7l^^ 5s^7l nfl^oi] ^>7l ^ 9X^ 

^<^1# -S.^^1-^. TlsflAlBll- 

till a> 7| aJ-1^4- ;^12:‘^1 ir)-€- ^ 9l 

Aj-7] 7113^^4- ^ 

7]^ ^1-<^1 4^-g- 

>^V7] ^5lZL ^1-71 ^>:h 4^-g- Jr.^; ^ 
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< 54 > 

< 55 > 



< 56 > 

< 57 > 

< 58 > 



< 59 > 



^>7l icLJBSf ^ 7 ] l-s-ln 

^ '^^y] 4 -^ 4 -. 44 - 4 , 

4-7] i^el- Tzfl^o] #4^1 - A>o 1 cH 1 a^o^ 7-l^l^Cf. tlfl^oll, ^1-71 

3)]^^ 4^4- 4^a]e^^ 7 ^^, 44 

4 444 71-4^ ^>4. 

oi§>, :£44 4-^44 4- 444 44l^>7fl 44^1-4^ 44-. 

H 34 4-2:44, 42flA]E-i4 44 444 3|1:e.( 31)1- 4-4 7l:^(30)4 4444. 
4-7] 3111 = (31)4 7114^ 444(SAl£]4 ^4) a>o]o^ :«^oi] zl4^, 

4-7] 3111 = (31)4 4 41 a] E l ^ 44 444 44(30)44 444 ^s.44. 

44A1, 44 4^(31)* 4^ 71^(30) 44 71114^4-^ 4444. 471 7iii4<g 
4-4 4lSAl^ 4441^4 4(BPSG layer) 1- ^ ^4. 471 711 i444^Sa14 4 
442444 4-44^ ^4 ^A^oflA] ^A^^ 42^<4444 44 4:^4 A>oi7l- ^44 

^4. 4-4-Ai, 4-71 tii4oi]^4ni-^ 3.5 44 4.5 7^:£4 ^24 3.3 44 3.7 

^ 4 % A^ = 4 <4^ 51^ 40] 44-4 ^>4. 

3.4 Jl, 4-71 44-(30) Aj-4 ^11^0^ nV.g. 44-5I-4 4-71 3x11= (31)# 2#4 4# All 

l€-4^(33)# 4# Aili4‘?14 4€(32)# 4Aj#4-. 4-71 414^4 44(32)4 4^^# 
4444 A>4 44 - ^4011 #a^44. 
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<60> >^7l ^^(32)^ ^ 

:n., "^^7] ^^7] 3fl^(32) ^><^1 9X^. 

^7l ;^ll^<?!^ 3|)^(32) l-^^l 1:^^ 

7>m ^ SX^. 

<61> '^j-71 7lll^ifl^(33)-a: 

'^ 7 ] ^77 Afl;^<Hl ^7] SC-1 -§-■2^ 

(standard cleaning-1 solution) HF -§-^^ 7.]-g-^c:|-. ^l-§-^ ^ 

7]]^^-^ ^S. $17^1’?]:, ^^7] HF -g-^^ SC-l-g-^4- 7.}^^ ^70 X]] 

^■i: o]iil], ^7l HF 7}^^ ^ 100^ •^‘^> ^ 

7]^}jl, ^J-71 SC-1 -§-‘2^4: 7}J%-^ ^1= 180^ -g-^ 

<62> o]Q}. :Q;0]^ ^7] ^7]^ ^7] ^U€-^*(33)^ 7^^■<^] ^ ‘H 

^]J1, ^>7l sfl^(32)^ ^<^171- o]^, ^ 7 ] o\^ ^ 

7 ] 3flfi(32)ol Cf^ ^7^-^7l nfl^o-lcf. 

<63> ’?]:^, ^7] ^ll^'^Fj- 3)1 ^(32) ^’8: -^^i^CS-T.] S|7^] 

^g-7l 7^]^^o]] ^>7l ^^7V 

$x^. ^^7l 7lll^^*(33)5^ 7J-7] ^^7> 

^V%o] ^s>7ll "o^7l WlS e)-<y ^2]- ^47> ln#€ 

(bridge)^ ^^8: ^7^'t!: ^ 

<64> l4s)-7>i, >a-7l 4>7l 2HU^?«^(33)^ #^<^1 i^HolA-^^ 



^ :^Jo] «l-^^§].i4. ^1-71 ^ 7 ^^ ^1^. 
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< 65 > 



< 66 > 



< 67 > 



< 68 > 



^ll^^^(33)^ ^ 4^7] 3fl^(32) ^0)1 risflol 

^ -i- ^ 9X^. 9X 

^l’?>, ^^7] ^Sl-^1- ^ ^<^1 Wj-^Zl^Vcf. ZlH^Jl, 

-^71 -tjrsl-B]-^ ^-T-, ^^^(MTO : meddle temperature oxide)-i: ^^^^]-7lS. 

^0^71 MVnv^ <^1^1 ’^^(etch back)4- ne^ig, -^ 1 - 7 ] ;^ll 

3flli(32) ^oHl ^ ^>7l ;^]1^B«^(33) 7]igoll UVUT-O] ^] 7 ]^ 

i4sf^i, ^1-71 7111^^^(33)^ ^^<=>11’?} 4>7l ^^o] ^^rf. o]^ ^ol, A^V7l 

^ MVuVo] ^3 JHo]A-1^o^ ^^^1=1-. 

-£ 3b* *7l 7)li^Hfl^(33) i^ofl *^-8: i^fl^Aj^cl-. *7l :£^ 

*el *el** * ^ ^4. 

*7l *** 1^11^7.17]* *1=1-. *7-1, *7l 7111^^^(33)^ 

Tlll^oiul- 311^(32) *<^1 *** 5^* MVUI- 4 - alf.^Cl-. Ol^ ^Ol, ^>7l 

*7l Til 1^^ *(33) rlloll^ ^1-71 uvnvo^ **(34)ol nfl ^ ^ 

*7l tHI^^^U]- 311^(32) >^oll Tll7l*Cl-. *7l TllTl^ 5 I-* 

7 MI 2 I <?1pKCMP)<^ 1 ^^11 *7^5]^ ^ol uf^^^l-cl-, *7l :^«1- 7l7ll^ ^ril-oll 

7i, *7l 7lll^<^Ul- 3^111(32)^ ^ol U>^3l^>Cl-. 14 

51-7-1, *7l 7l7ll^ ^riHl *7l TlU^olul- 3fl^(32)2l S’^<^1 i^#5l* ^1 * 

*7l *7l ^Sl’^, *7l 7lll^^*(33) S47j-^^ol Dll^Sl^ 
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< 69 > 



<70> 



< 71 > 



<72> 



O]^ 7111^^^(33) v]]oll ^ll^Al^^^A-1 TlsflAjE-l^ 

#eizL(34)7> 

£ 3c* ^^ 7 ] Tlli^^^v ^li(32) ^ ^ 7 ] #ein(34) ^H1 ;^]2^ 

* 

'?i^i-(36) ^ ^13^‘?!^(38)^ ^>7] ;«113^^^^(38) ^ ^]2 

^^^^(36)^ ^>ols. 2fl€(32)o] nf^ 

^7l 7|li^<^^ 2fl^(32) ^ ^1-71 1 -b1zl(34) ^H1 7]^]5]-(35) 

# 015]- ^Ol, ^>7l ^Z]- 7l^lsl-(35)4- aJ-71 

^l3^^^i-(38) ^ 7ll2^'a^i-(36)4- nil Tlll^o^^ 2(|€(32)<=>l 

^ ^1^. 4^71 ZlZl- 7-171^(35)21 <41S.7.-1^ ^Sl^ ^^21- -f.^ S. ^ 

^T=f. <=>1^^ $1^1 ’S:, ^y] ^^21- ^ ^5l^ ^21-21-01 ^7>Zl^ 

s ^^^21^ ^O] a>^7i^l-r:l-. ^>7l ^y-sj-ni-ol ^4-, 4:>^2l-(MT0)^ ^z^^l-7l;£ ^ 

^^7l 7)1 2 21- (36)21 ^zl- ^s.7} '^y] 7lli^<^2l- 3)111(32)21 ^z\- 
14 7H2^<^2V(36)o 1 zHz]-^ till ^>7l ^iH^(33) 

‘^21- 3)1^(32)21 BBl-^Tll <^Zl-2l^ ^>%2l ^^7] ^^#(33) ^ TlU^ 

3)1^(32)01 au>^7)l ziz)-^ ^-f.2)l^ ^^^1-^ ^I3j*-i-2l- 3))^ ti.^7l7> ^ 

^4. 3))^ ^^7l7> 7i^ l^£^l ^>7)21 ^7)Zl 71^0)1 ^Zl-^ c§ 

^ 14 - ^1^1=1-. 

^sl-7-1, ^1-71 7)l2^^2l-(36)^ ^^21 Tizl- ^-£71- -^>7l 7)11^^21- 3)111(32)21 7) 
Zl- ^£^-^1- W))-^ ^O) y}^Z]s].cl.. ^>7) 7)12^^21-01 ^zl- ^^:£7l. ^>7) 7)11^01 
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< 73 > 



<74> 



<75> 



^l^^CBPSG layer) ^ ^ 9X^. 4^7] «1 2.3 2.7 ^ 

^2)- 2.25 vfl^l 2.65 

H^JL, ^7] ^ zH2^<a^ ^H'^1 e7ls>0c| 7^31] 

^^7] 4-^^ 7]-i:0):g SE^ «J-^l^>7l ^f-o]t:f. tc)-e)-7-) , ^^ 7 ] 7ll3 

€*?!^-(38)4 7ll2^^^i-(36)# 75113^*^^ 

«H -^7] 7112^'^s]- TsllS^^BT- 3(|^oj 

3.711 ^^^5lc>|o> tJ-cf. ^7] 75l]3^<^ni-(38)^ <^lS.Ai^ TEOS ^sl-Bi-4: 1- ^ ^i:)-. 

£ 3d# %^2:^1-’S, #7l 7H13##^-(38)4 75ll2#<?!Bl-(36)# <mz|-^c1-. 

^j-7] 3zl-^ :^AVo^ A].^ ^zl- #>^^5l#c^l, #-7l §s1zl(34)^ 

Vc#^ tt|l#^l #^1#1=1-. ^>7l 3Z]-^ >^V7l 7ll2#<?l^(36)^ ^Zl-<^1 ^^11 3#5]# ^Zl- 
^•1^1^^(35)771-71 ^ol Hl-^zl^}cl-. <^7l7l, #-7l 7113# ^^^(38)^1- 7112#'?!#- 

(36)# #7># ##^ ^z]- zOzl -011 01 ^11 Tg:###c11, LAL -§-## ### 

## ##-‘^1 #«11 #### ## t3)-#-#s-l-Cf. ZLSlJl, #-7l ## 7!7l#-(35)# ##-# 

LAL ### #-§-# ## ##- <?]#: -§-<## ol.g-^ ^zl-oil ^^11 #- 7 ^s]^ #ol 

w>#-#^>#-. ol^, ^7l ##- 7! # #-(35)01 ##-n]-ol #4-011^ ^V7l LAL ### #-§-^ 

##•# ##^1-J1, #-7l ##- 7-l7l#-(35)ol ##-#-# ^-^'Hl# <##- -g-#-# 

'^1-g-# ## ##•# ##«11'^> ^1-71 #l#ol#-. 

‘^1#- #'='1, #7l ##-<Hl #«ll 7ll3#'?!#-(38)#- 7H2#<?!#-(36) #-#■# 7ll3##^ 
(38b)# ## 7113#'^#- #l#(38a)#- #l2###(36b)# ## 7ll2#<?!#- #l#(36a)3S. 
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<76> 



<77> 



<78> 



^134'?1^K38)S1 ^1-71 t112^^^H36)^ 

7} uMl-^Tll 2;^5]7l sfl^(36a)^ Zfl2^^^(36b)^ '{d-^'^1 z1l3^'^^ 

2fl^(38a)^ 7ll3^^^(38b)2] ^^7] zfl2^<^^-(36)^ ^ 

7\- ^^7} Sfl^(32)^ 4^711 ^Z^5]7l 

^12^‘?!^(36)^ §e^ZL(34)5] SX^ 

^ 5fl^(32)^ 7l^ ^7^^^] 

n^JL, T^^7] ^^(38a) ^ zll2^<?l^ 2l|^(36a)^ ^ 

-2.<g 1-^<51 TlE^Jl, ^>7l "^^7] 7ll3^'?mi- 

(38a) ^ 7)124*?!^^ 2fl^(38b) ^<=Hl "b^7l 

^^7] zH3^<?l^^ 5fl^(38a) ^ 3fl^(36a)^ 

7 ^ 0 ] W]-^2]§}C}. ^>7l 7-11 7g oil ^^^Sl^Cll, 7 .^ 7 ] ^70 a^] 

'Hl^i^ SC-1 -g-^ HF -g-^4: ^X\ 

^ ^S. ^7]^, A^V7l HF -g-‘5fljJl- SC-1^^4- 7>-g-^ ^A1 711^^4- ^A]^].^ 

^ol W]-^3ls>Cl-. Olnfl, 70 °C 7^:£S1 ^^7lollA^ 7.^7] SC-1 -g--2fl^ 7>-g-^ ^-fl 7g ^ 

7^ ^91 ^71§>J1, Aj-7] HF -§-<2^^ 7>-g-^ 7-11 qt ^gO^ 

‘^1^21- 7^j-7] 7113^<?1^ 3fl^(38a) ^ 7112^'^^- 3fl^(38b)2l ^Z^jzj. ^T- 7 ] ^7^ 

^ ^Aj^^S-A-l 7^7] 7l1l^<g^ 2)1^(32)<^1 Cf^ T^S. ^tzf. 4 F 7 I # 

e]ZL(34)7} Tlll^^sv 311^(32)01 ^^oF€ ^s. ^o] 
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< 79 > 



< 80 > 



< 81 > 



< 82 > 



^11^91^^ 31)1^(32)0] >^>71 3Hll^<g^ 2)1^ 

(32)^ :a.:§l^>7l -^tl: :a-51^(S.>*'ls];=^l "S'7] -T-^‘^1 

^zi^l-ci-. >^1-71 -i- ^ SX^. 

^o] til-^2]^}^lB>, ^ ^s]- <^^Dl^n]-4. ^ 

'^71^3), ^>7l iJiBl-Sl "ST], ^>7l 75)13^*^^- 3l]^(38a), ^]3 

s^^(38b)^ 7ll2^^^(36b)^ ^ 7]Tgo)] ^>71 

tl-T^. ZLe]ji, s]-'^ 7l;^l^ '^o]--!- ^sj-o] -^i7l 75)13^0^0]- 3]]^(38a) ^o)] ^7] jy. 

S.^-%: ^iTlt!:^. ^]^] >4^, 4-71 7)l3^^1-(38b)4 , 3^l2^^^(36b)^ ^ 

7i4o]l ^7] liJl^ol oltr)], ^>7] >^>71 ^ 

£ 71-^444, ^4 44 43^^*(38b)4 4^. ^I2^i«*(36b)4 ^ 4 

44 444^ 44 44444. 

44 44, 44 .e.3:44- ^44.^s.4 ^j-7] €-4 #4n(34)4 44 444 
41444 44(32)4 444 444^ €-4 l-4^(34)#4 3^^ m.^^]7\ 

4^S4^ 44 7-1444. 

ZL51JL, 43X114E-14 4^ 444 :£44 44(40)4 471 7)i3€-^*(38b)4 444 
, 4-71 ;^l2€-41-(36b)4 44 4 t14o)i 47^44. 47] £4^^ wi-4-(40)4 

47^^ 4^4 44. 47-1, 4-71 7H13444 44(38a), 75)i3^4^(38b)4 44, 412^4 
*(36b)4 44 4 7-1441 4-71 £47^ 44(40)4 ^7^44, nsl^ii, 44 

717114 '^41- -444 4-71 43^44 44(38a) 44 $X^ £47^ 44(40)4 47144- 
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<83> o] 6 \] MV^Vo] ^ 7 ] 

(38b)^ ^I2^^^(36b)^ ^ -¥-^)‘^l ^ 

^(40)°1 ^7] -sl-^ ^^(40)-$: lii:E.(40a)^ lrL:E.(40b)'l- ^ 

"o^7l i^:E.(40b)^ ^7l lr.H.(40a)^ 3.7fl 

Aj-7] ;5fl2^^1-(36b)^ ^^■^^ ^^7] 7fl3#^l-(38b)^ 3.7] nfl^ojcf. 

<84> S.^, S. 4<=Hl S.7«]^ «]-54 :^o] ^ -^7] -S>^ ^^(40)-^ li^H.(40a)‘^l7--lS. 3^ 

^ 7^^^ >;d^(CD42)iT=f^ 37A^ 4d^(CD41)<^l 33, v\%7}^]S. 

ln^(40b)<^l7>i£ 7-1^^ 4d^(CD44):a.4^ ^4(CD43)o] r\-^ 3 

Til 4^(40)# -^^^1 

<85> <^717-^, ^7] 3^7^ ^^3^] 

4^ ^ 7 ] 3 ^ 7 ^ "S-71 3 ^ 7 ^ 44# 

#<^1 #4 444# ^ 444 . 3^3, #7l ^4: 444# 4444 4-71 £.44 44 
4: £#471# #^## 4# #4 444 414# 4444. 444, 4-71 £44 44 
4 47l4-^£ 4444 44 44# 4 4444. 

<86> oi^ :Q;o]^ ^>7l £44 44# 44# 444 #4# t14££4 4-71 £44 

Hv^-^ ^3 aii4££ 4 #44 444. 

<87> £ 3e# 4-£#4, 4-71 7^12444 2fl4(36a) 4 ^13444 3ll4(38a)# 7flTl44. 

oHi tt|-4-, 4-71 714(30) 4<^1# #444 44444 4# 44(40)4 4444. 
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<88> ^^7] 3fl€(36a) ^ 3xfl^(38a)^ LAL -§--2^4- ^V-g-^ ^ 

<89> ZLS] JI, ^>7l ^-T- 4^7] 7fl7ls>^ ^O] ^ 

7] LAL -g-‘5^-i- -§-'2^4- <^l-g-t!: 

^^11 Ary] A:^- ^-T-^ 1 ^ A 

7] LAL -g-^^ <^l-g-t!: ^V7l ^JlBi-o] 

AA -%-A^ <^l-g-tl- ^A ^7]-^ Ay] 

<90> 7112^‘a^i- 5j|Bi(36a) ^ 7113^<^^1- 5ll^(38a)^ A]AA] 

^11^*^^^ ^A(32) ^oHl A^AA A7A 7];^m-(35)2l ;^l7l7> ol^o^^cf. o]^^ ^ 7 ] 
^z]- 7-171^1(35)01 >^7l :a.J:^:4 AAA AAs. ol^^l^ AA<=^]A Ay] tiitI 

^ ufl ^l7l ^Zl- 7-1 71^1- (35)0) 7117171- -^Aloll ol^ol^cf. 111-51-7.^, ^>7l AA ^l Z^V 

(35)^ ziiTl^ LAL AAA AAA AA AAA AAA AA ^^i-oii oi^n 

AAA A A A w>^^^]-ci-. 

<9i> ^ ^VT^o^l AAA, Ay] AAA AAA ^AA AA ^ 

£ 1 - ^> 7 l ^A^A AA AAA AAA sfl^oi zozi-si^ 7-1 

7l^^S.7«-l ^>7l 1 -Bl^-i- 7.}ololl7l^ Sfl^ ^ ^rl*. , A7] ^ 

^ #elzLSi ^^^1 A± <^1 ^«> 1 7l c -1 £l-£ ^AA 

^ r^^6\] 7l^^ ^7§-^^^7 -i 4 V 7 i :a.J:^Hl A A] Ay] #s 1 

ZLl- A>ol<Hl7-l^ Sfl^ ^^y]y} Tl^l^i:!-. 

<92> ^Hl-A-1, ^ ^AA- ^€^1^ TlsflAlE^l- AAA 'il’d^l-Tll #SlZL 

^ A>olcHlA-l^ 5)1^ .a^zll- 4^ ^4. 
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< 93 > 

< 94 > 

< 95 > 

< 96 > 

< 97 > 



< 98 > 



£ 5# 7 ] ^(50) ^H1 7111^^^(53)4: 7lll^<a^i- 5ill^(52)^ ^7^ 

tb ^ 7 ] 7lll^ifl^(53) tfl^l #44: TlsflAlEiSl ^^4- 

#411(54)5- 

444, 4-71 1-4 ^(54)* ln#44# 4l2^4^(56a)4: 42444 4 

4(56) 4 434-4^(583)4- ^4 43444- 44(58)4: ^#44-. 44, 4-7] 44- 7] 
44(55)4 7fl7ii47]£ #4-. 

444, 4-4 41^44- 44(52), ^4 #4n(54), 42444- 44(56) 4 43# 
44- 44(58)# #7l £. 3a 44 -£ 3d# 4-2:4-4 #44 4-44 •#44 4-44 44 
4444. 

^44, 4-4 42#44 44(56) 4 43#44- 44(58)# 44# 4 €-4 #4ii 

(54)4 44 #44 4# 41444 44(52)0] ^#4# ##0] ^ ^cf. 

#-7l 4i#44 44(52)0] v\± 444 #4# 4# 444# #4 #e]zz.(54)-i- a>o] 

44# 44 ti-^7]7> #7^^c]-. 

444, 4-7] ^]3^^^(58a)4 44, 42#4#(56a)4 #4 4 444 :^-s4- 
(59)# 4444. 4-7] #.^4-(59)4 44# 4#4 44. 44, #7] 43##4 44 
(58), 43#4#(58a)4 #4, 42#4#(56a)4 #4 ^ 444 4-7] 5.^4-(59)4 4 

4# 44 4-4# ##4-^5. 4444. ^4:a, 44 7]44 #40] 47] 43# 

#4- 4#(58) 4-4 ## 4-7] 44-# 44#,o^ 7^ ^1-7] ^^4(59)0] 47^44 o]nfl, 
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< 99 > 



< 100 > 



< 101 > 



< 102 > 



^l3€-^*(58a)^ 7ll2^^^(56a)^ ^ ^o] til-^^sj-tq-. 

^^1, ^1-71 7fll^<gBi- 3^^(52)‘^1 '^y] 7lll^<as]- 5fl 

^(52)^ :a:£s>7l :a:&si-(59)4- ^^ 7 ] ^A<^]^. ^y]A, A-y] 

:aJ:^i-(59)^ ^ $X^. '^^■ 

^s. A^] ^ 

A^s. 7>^^l-ci-. 

zis^ji, Ay] 7i 3x}] A] oj 4^-g- ^AA AaA^, 7>^^^S.7i 

^1--^ i^^(60b)S!f AA i^:B(60a)® A^ 5^31] A] El ^^(60)4- Ay] 

^1-^ 4 ^( 60 )^ Ay] s. 3dl- 

£ 64- Ay] 3fl^(56) A 7|13^‘?1^1- 511^(58)4: A\AAA. 71 

slJl, Ay] 7ll2^^^i- 511^(56) A 71]3^<S^1- Sl]€(58)^ tUt^oi] 

(59) A AA 7-171^(55)# 7ll7|t!:i=1-. Ay] 7l]2^<?is^ 3fl^(56), 7|l34<?^^ ^^(58), 
^:£^^(59) A AA 7)7lBi-(55)^ Ay] s. 3el- AAA AA^] 

o]<^] xt\-A. Ay] 71^(50) AA]A tI^aaIeI^ 4-^(60)oi ^AAA. 

Ay]A, Ay] AA ^^(60)^ AA AAA ®11-E.(51), AA AAA #eAii(54), M. 

SiA ^€(59a) A AA AAA ii=(60a, 60b)l- <^y]A, Ay] }^^i60a, 

60b)^ , ^i7l i^:^(60a, 60b)^ AA ^B.(60a) A Ay] 

li^=(60a)^ AA h^^(60h)S. Ay] AA ir.= (60b)^ AAA A 

y] -^1-^ inJ^CeOa)^ A AA 
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< 103 > 



< 104 > 



< 105 > 



< 106 > 



< 107 > 



< 108 > 



4>7l #ein(54)S] 

3fl^(59a)ol 5^^(59a)'Hl '^y] l-e-iii(54)l- 

a}o 1 o 1 ]a-^o:i sj)^ w.^A]7} 

i45^a^, ^1-71 ^-T-^1^ ^a^^ ttfl ^ 

1^^1-711 AfolollA-^o^ sflli :a^A]l- ^ 

^ 7^3]]AlE-1^ ^1--^ ^-g-^ ^-£^1 

c|^ A]12:<41 flC}. 

£ 7a £ 7d^ -g- ^ ^€- Alls ^-g-^1 c]^S] Tfls 

1 - ^^£ 1 - 0 ] 4 . 

£ 7al- ±y} ^Sl^i-(70)-9.S.Ai S^aI 7l^(70)^ 

^4. ZLE]J 1 , 47l 714(70)4 4^:^ TflojE 444 4)4(74a), #4 44 

$4 3fl4(74b) 4 4444S-4 4€(74c)^ i44^ Tfloin 44(Ca)^ 

44. 4^<=>fl, 4-Sr 4444 4^ ^4-i- 4^ i^/.^ell4 444 ^444. 

ZLSlZL, 4 - 7 ] TllolS 44(Ga)4 44^<^1 a1(78)1- 47 ] TflolE 44 

(Ga)^ 44'=H1 ^-44(76)4 ^444. 444, 44 ^44 4444 S4 ^44 44 
^^/HEfl4 444 ^ 444 . 4^^! 44, 471 7l4(70)'Hl tH^ie 44(Ga) 4 444 
(LDD)4 i^/:£ell4 44(80)4 ^444. 

444, 4-71 7114.£ 44(Ga)4 ^es cg^ofl ^^444 4^44 4£- 

(82)4 474 - 1 , -^V 7 l 4£(82)^ t14a1e14 4 .^ 44-§- 4.£(82a)4, 4^ 

44-g- 4£.(82b)l- i444. 471 4£(82)^ 47l t114s 44(Ga)-i- -4^ 7l4(70) 
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<109> HE^Jl, ^7] ^^^^1 

flcf. c|.^oi] ^ Al-;^} -i-^1-'^ ^7l H]:e el-'^l-g- sfl:E.(82b)# tajE 

#ein(86)-l- #s]zi(86)^ 2}^(88)4- 

^€\., n^jL, ^1-71 til^ e|-ol(88) ^H1 «l:^ eb-<^l(88)^ 4 l>^ 1- ^i^l^>7l ^ 

2 ^- 7^a1bV(90)4: 

<iio> 7-1 a1bV(90) ^><^1 ^‘?i^^(92)4- 71^1 

^ <^pV 1- -^^7] %Zt ^^^i-(92)4: >^V7l '^y] ^ 

^ ^<?!^(92)^ -^Tll^ 500A2] ^Tlll- 2i^^i=f. ^&N-, "^J-7l 

^<?^^i-(92)ol ^ 500A^ ^7)11- ^7] ^l7l ti]E 5^-<y(88)ol 

<iii> rcj-H^A-] , -^7] ^7] ^*^^(92) ^ 2,000??^ 

1- ^^^^(94)4- ^H, 471 ^,3^4(94)4 44 7l4 44<=Hl 

£|^ til3i]<^ii^zi4^S7.i 4 4.0 44%^ 4^4 4 3.544%^ 

<112> £ 7bl- 4s44, 47] t}^ 444 5ifl.B(82a)l- ii#47l4 €-^4(96)4 ^44 

r:|. ^1-7] ^i«^(96)o] ^44 4£efl4^S. ^44 44 4^3.5. 4444 44 44 

^§11 44:^4. 447-1, 4 200 : IS. 4471^ HF 444 7>444 4 100^ 4 
4: 171- 44 SC-1 444 7>444 4 180^ 44: 27> ^4 4714:4-. 
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:113> ^7] (98)i (98)^ 

^y] ^^-§-(96)^ ^ 7^3§^(94)^ 14 s} ^-$r "?:]:2l-B| ^ 

(94)«11 ^ 

<ii4> '^y] €-^-&(96) 4*^1 4^-S- l-sin 

(100)1- ^14. ^slJl, ^ 7 ] le-)ZL(lOO) ^ ^,^^^(94) ^H1 ^4- ^i^l^^(102) 

4 450 A ^ iTlll- 

<ii5> ^1-71 14- 7-m(i02) IHI 141^ 4^ ^>1 4^1 

71-l^V 1^4(104)1 ^1^4-. 1-71 #i^4-(104)^ 2.50 1^1- 4 2.45^1% 

1 H 4:£1 2:4^ 140112144 - (104a) 4- P-TE0S4-(104b)l ^44 ^S. IS 

^ :^^c|-. ZLSlJl, l7l 14 4(104)1 15.000A 4^4 HI* IS* 4444. 

<ii6> s. 7cl 12:44, H 144(104)1 1444 H** 4*- *44 ^4(106) 
1 4414. 4^, 44 144 3)14(106)0141 Hi5r|oii2i44 44(i06a)4 1414 1 
l^l P-TE0S4 44(i06b)4 141 Hs4 3.711 4444 . 444, 44 -i-44 
44(106)4 441 44 441 14 §> 4 s 4 - 7 I 5g3§nv(94)oi 17 I 1444 444s 
44 :a .4 is 4 44 414 *4 44-01 ^ 1^544 414. 

<ii7> 3 . 43 , 70 °c 4s4 is 1-4444 SC-i 141 4144 4 71 H 14 14 

7^1443, 4 200 : IS. 4444 HF 141 4144 4 I 6 OS 14 24 14 441 

1444. 
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< 118 > 



< 119 > 



< 120 > 



< 121 > 



< 122 > 



^J-71 5fl€(106)^ ^^(106)^ 

o] -^7] l-BirL(ioo)s] 3|i^ ^c^-^ll- ^t!r :S-3:^(108)^ 

^oM ja.5iB]-(io8)si ^^34 ^^4 44 44 44 

4 44(iiO)-i: ^444. 

4714, 4-7] 44 444 44(110)4 44 wB 4 -^S£ 444 4 44. 

4-7] iLH .4 4 - 4 -dio)^ 44 441- 4^1 44 444# ^44 #, 471 f^4 4 
44# 4 ]b- 1'^44 4-71 ^-^-(iio)# in#47l^ #4## 4# #4 444 4 

4# 444# 444. ^4^, 4-71 hr.^-%- 44(iio)4 47 l 4 #s 444H# 4-71 
#4 444 4144 44# 4444. 44 44, 4-7] #4# 4^4#s.4 #7l 
# 44(110)# 4# till 4 #s.£ 4#4 # 44. 

£ 7dl- 4^44, 4-71 #44 414(106)4 :s.5:4(i08) 4 ^^^4(94) 4-41 4# 
4# 44 7-144(102)# #44.9.5. 4444. '^Hl 44, 4-7] 4 4(70) 4-<^l# 

(82a), €-4 #471(100), 4-# ^=(110a)4 4# (ilOb)# 4# 4# 44(100)4 

47 ^ 44 . 

zLslJL, 7 j- 7 ] 4.H 4-ofl ^ Aj..o ^44 ^4 4 ASA-1 4 

44 El 7]- 711S44. 

447 # 44 s. 444 ^ Aell4 44# 4# S^^Iae# 47 I 4 44# ^ 

4: 4B 44 4 #71 447 IEII- 4 -^ 4 ^ 44 ^ 7^01 o]^oi^ 4 -. 
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< 123 > 



< 124 > 



< 125 > 



< 126 > 



< 127 > 



5L41 

^ -T-^’^1 $X^ "^-71 

4^ ^5q-s]c>|H l-s]:il: 7>o]c^ "r ^i=f. 

t45}7-l, ^^11- ^ ^2:1- 

^sflAlEil- xtfl Aj-71 

^5]£1- ^ ^4. ^S]ZL, 7 ]^^ 7]3flAlEil- 

^ SX^. 

^<^1, ^ ^^7] #e-1ZL^ ^^71- 

^^7] A>o]o^ ^ 91^. l45]-7-l, ^'^1# 

^■^^>ul. ^ 2 : 1 - ?l3flA]E^l- ufl >y. 

7] ^£^1 Aj-^]^ Afl^oll 14 s ^Sl£l- ^ ^Cf. 

^ -^1-71 4^1-^ 

^1 ^ 9X^. 

^^7lollA-^^ ^ til- 43 ]^ %V^44 ^^^1-^714, Sfl4 7l# 

^ '^-'^71-^ ^1-7]^ ^■^ 7l7)]^ ^ 7>-^V ^ 

9X^ 
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11 



;^ll 






^^ 7 ] 






^7l 7lll^<g^ ^ 



Efl 



&ln ^J-71 



■Al7l^ 7ll2^^^4: ^12 



41^ 



^>7l 7fl2^'^^'-i: ^ 

®1] Tlll^*^^ sfl^o] ^-s a- ^^1’ 

-^71 ^ ^^■■s ^ 

^V7l 7ll2^i^-4 
^ 7112: 

2] 

7lU^d<=>ll 711174<^^V 3.5 4.5 3.3 

3 7 <d^ til3qofli^l^i-(BPSG layer)<^li, ^7l 71124*?!^^^ 2.3 2.7 

^^21- 2.25 141^1 2.65 *d^ 









7112: 
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31 



S^, ^j-7] ^-1 ^ 



41 



7ll3'*^‘^l 7l]2^^ sc 1 -§■ -1 , HF -§- -1 -i- 



°1 



■Or 






^1 









51 






^ s. 



^l 7>1 B1 ^ ^1*^ Til 2: ^j'’w • 



61 






oi^g-ci ^^l‘> 



^J-7] 






A]B12] 7ll^ 
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7] 

^11%H1 ^1-71 5fl^ ^ l-e-^3. >^-^1 

^ ^7111- ci 7l3flAlEl^ «j- 

81 

7ll7*oHl ^^ 7 ] 7]xlnl-^ SE^ ^11-<^1 

S. ^£^-11 ^>xl ?^3flxlE^S^ ;^1]2: . 

91 

7fl7^Hl ^0^7] <!^Z|- X^X]^)-^ zflTl^l-^ ^TJll- Ci S.^-&}^ 

^>xl 7]3flxlB^o^ ^^-7113: . 

101 

71]9^<^1 -^^ 7 ] Tlxl^i-o] ^ ^7] TOz]- x^xjuv^ :^] t ] 

^ ^1-71 T^Z]- X-lxl^Vo] xrfl ^ 

7] ^’7]- X-IxlH]-^ LAL -8-^4: 7<]-g-?l- ^^7] 7-] 

Xl^Vo] ^ ^^SVo] ^ "^-71 <!^2q- X-^Xl^V^ 

TflT]^ <y>y: -g-^# A>-g-tl: ^ LAL -S--?^^- 7]-g-^V ^z^^ ^x^^S ^ 

o^§i] ^7^5]^ ^£7]] ^v^l ?]3i|)x]E^o^ fr>-^ 
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11 ] 

^ ^^11- <5> 

~ 7)12: . 

[^^%V 121 

^111S^“)| '•i^\ a.2:5|-& ^e)s ^S^ •a:-¥'®l^«t JEfe °1S“' * 

xHjia ?J* sVfe iV£«l 'J-*l =V4 ^la 



O td 



131 



^ ^12: 

14] 

^113^^<=>11 9X44, 44 44^ ^ 

^on^- A>-g-tv ^443., ^^7l ^ 

^171^ LAL 

^^nv o^eol^EVo] 444^^ ^ 44 ‘"J 

^ ^ojt^ A>-g-tlr ^4 44 ^ LAL -§-^4- 4-%r4 ^4 4 



^ 7] sfl 7>1 E] 2^ 4 



2i 44. 
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151 









^1 



O t3 



161 

4l^M ;^I124^^ rtfl ^1-71 

7^ ilfl A] E^ 7fl3i . 



[^^%1 171 









7ll34‘a^^4r ^^1; ^ 



-^71 '^^1 7112^*^^^ ^7 l 412^^^‘^1 



td O 

n — r 






■A]7l 



- ;<ll3Sai«-i- *fe ^13^-ast =H^-a- -a-^l 43ii4«Hl 

2)«J ■^)'7| 43S®!-S-^ -a#(critical dimension)'’! 'S'^l ail2&^'S-2) -!d'^-H.''|- ’Sl'E-^ 

esl* C! a«-svt “J-E«l ’S-^12! «>-¥■ 'S'’^- 

I ^ '?■%'• 181 

;flll7*J-'11 X!“!^1. 'S-71 TUS^^is!-* TEOS tVSI-Et'a S* ^^12-a SVfe ^ 



^1 ^1 



191 



o w 



7fll7%Hl $X^M, ^^71 71134'^^’- 

^>^1 Tl^flAlEl^ ^12: 
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20 ] 

^12: . 



21 ] 

;^120%H1 SX<^■^^, ^y] ^l3^S^cv teOS cfl ^>7] t113^<?!ci- 

TllTS^ LAL A>-g-^V ^4- ^1-^1 

TlsflAlEi^ §1-4 

o 

22 ] 

sfl^4 ^^1; 

471 ;^ll€-^^ i^^Hl §1-4 ^^-§- #e-lnl- ^444 4^11; 

471 ;^ll4‘^4 3fl^ 4011 47l €-4 ^4^1- ic:#Ai7l4 42€-4^4r 44 424 



<^Di- 5(144: ^444 4^1: 

47I ^l2€-^4-^ 4^4 47I ;=^12^^^‘^1 ^#4 4^1 44 #4n ‘^4 

4 ^^ ^44 4Ji44 ^444 44; 

47I :y.:2:44 471 #411 44 44 44-§- :£44 44^ ^4 

44 44; 



44 42444 44 ^ 4444 44; 4 

471 ^J:44 444-8: 4711^4 7fl7l§>^ 44S i444 4 h4 44 4444 
4 4-^ 4^ 42: 4'^. 
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23] 

^122%H1 ^1-71 ^^7] ;^12^<?1^1- :^]2 

24] 

7ll23*^<^1 SX^M, ^^7] zlll^<^^i- 3.5 4.5 3.3 ^7] 

3.7 o]4: wlir]ofl::iizl ^(BPSG layer)olJl, 2.3 

2.7 ^^9\- 2.25 2.65 9l^ til5i]ollizlE|<y 

^Vzl zll2: 

25] 

z)]22^1-‘^l ^ 

^1^, ^^7l 7ll2^<^=^ ^7111- E-1 

^4: ^1-^ ^£.7-11 ^l-z] ?1s1]AlEl^ 5]-^ zfl2: 

26] 

^125%H1 ^^7l ^11^^ ^^ 7 ] zll2^^ SC-1 HF 

Al-g-^V^ ^1-^ ^£7fl ^J-z] TlsflAjElo^ 5]--^ ^ 

^ 7\]2: 

27] 

zfl22%Hl 7^y] £311o-|a-11- ^^11- 

^ ^£^1 7 ^^] T^ozflAlEi^ §1-^ zfls 
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281 

^127«J-'^1 ^j-7] ^aflolA-^o^ 

^7] t:\^ ^ >a-7l Tfli^oi^’- 3fl^ -^oHl ^e]€- 

o]^o] ^^>21 T^^Dl-nV^ ^ ^ 7 \]; ^ 

^1-71 ^5i).l-4- oll^lia^§>^ ^^11- ^>^1 7 ]^ 

A]Ei2] 42 i 

I^J-?-!)- 29) 

71122^J-<^1 9X^^^, ^^7] TlU^oi^ 3(1^ ^ 

cl TlltflAlE^o] tij- 

301 

7fl29%Hl <^11-01 

AS- c^f^cv^ 5J4- 0.5. ;^V^] T^sflAjE^o^ ^]-4 a 1^ ;^l2: 

311 

7ll29%H1 ^^ 7 ] ^z]- TllTl^l-^ ^7^11- E-1 ^^1AS. 

«]-A^l Tl^flAlE^^ TllS: «J-’^. 

321 

7ll31%Hl ^7] A-IaI^o] rtfl ^1-7] A]z]- AlA]nV^ T^j 

7.>-g-^ <^Z]-c11 ^>7] AiA]nVo] nfl 
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^^7] Xjz]- LAL A>-g-t!: >^-7l 

^ ^7]^ 91'^ A}-g-tV ^ LAL -§-’^^ >^V-§-^ ^^4- 

331 

;^122%H1 9X^^^, 4b]€- ^ 

«<L4. 

341 

;^]22%H1 ^ol^i, 41-71 iJi^i-‘^l 4el^ «fl 4i-7l ^iTl^ 4[4> 

A>^t!: 4^4 ^Tl-ofl oj^gfl 4-7] ^Jl^i-^^l 44:^ nfl ^> 7 ] 

LAL -g-°-^4r 7>^^1 ^7^-011 ^^11 4-71 ^Ble 

:g2]-nV ^ <^^Dl^nVo] ^ 4-71 ^1 t 1^ 4i 

4: 4-^-4 ^>4-4 ^4 47]- ^ LAL 4-44: ^>-44 4^4 471-4: ^7}^^s. 4^«S4-4 4 

7^^ ^4a.s. 4-4 441444 44 44 4^ «d-4 . 

[ 444 - 351 

4224H1 $144. 4-71 42444- 4)44 44 4t^ ^4 471-^1 4^11 

Tg-A^s|^ 7^^ ^4a.s. 4^ 4H41 44 441444 4-^ 44 43: 44. 
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36] 

S] TflTlfe LAL -g--5fl^ Al-g-^ ^1- 

^1 7^211 A] E-1^ Tils 

37] 

422^M ^J-7] ^i7l Til 27^ 7]- a] 

7ll3^<as]-# ^^1: ^ 

^j-7] ;^l3^<?l^i-^ ^1-7] ^l2^^s]-o^ >^j-7] 7i]2^i«^ol 111 

#7171^ 7ll3^^^4- ^l7l 7)12^7]-U1S). TflS^ Z^a] ‘Hi 

51-gfl -^l7l ^^(critical dimension)‘>l ^>7] ;^12^^^^ z)-£^ 

^7111: >^£^1 ^>Al5l TlsflAlEl^ ^12: . 

381 

71137%H1 ^ol^i, "^-71 ^l3^‘?i^i-^ TEOS ^4- ^>4 

z] TI^HI^IeI^ ^V4 4"^ Zll2: . 

39] 

zll37%<Hl 9X^y<], 47] z) 1344^ sfl^oi ^zl- 5E4 4^ ^zl-<Hl 

^-i: ^1-aI TlSflAlE-ISl ^1-^ 7112: . 

401 

7ll37%Hl ^^A-1, ^7] 71134^^ 511^4 ZllTl^l-^ ^711# e1 ^4 4^’ 

-^S. ^IEtII 7l3l]7.lE-l^ ^l--^ ^]2i 
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41] 

^l40«J-ofl ^7] ;(1l34‘?!^^ ^€^1 TEOS aj- 7 ] 7ll34<a^ 

4>\^ LAL -g-^^ ^£^1 ^j-^1 

42] 

7 ]^ ^H1 7^ S|] Al E-1 5] ^^-g- 

^7] ^Bj:2 ^:^6\] ^Ajs]^ ^>7l t}^ ^^-g- IilJB; ^ 

A^7] ^4Sl^ ^^7] 1-e^^Sl ^>7l ^1« ^Z]=L 

^ ^^]7L7} ^i^l^]-7l 211 ^^ i 

^>a 1 tH^DaIe^s:! §>4 

43] 

^142%H1 o]s 

ol ^>a 1 7^2(1 a] El si ^>4 

44] 

7ll42%l-<^1 ^>7l ^l-^ ^£^l ^>^l TlaflAl 

45] 

^l44%Hl ^47] ^llE-l^ ^>4 ^ ^^7l >g--^ ic^HSl- <=^4Sl^ 

lnHS o]^c> 1 a 1 jl, -^>7] ii=.Sl >a^o] Aj- 7 ] 7^1-^ i^HS] €• ^4- 

^£^l ^l^l Tls^AlElSl §>-^ 
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IS. 2bl 

28b 26b 




IS 3al 
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[S. 6 ] 




7a] 
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is. 7bl 




[£ 7c] 




82a 82b 80 



82 
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7dl 





